A large number of studies on anemia have focused mostly on pregnant women or children. The vegetarian population, which is another potential risk group for anemia, remains largely unexplored. Therefore, this cross-sectional study examined the associations of the sociodemographic, lifestyle, nutritional, and psychological factors with the anemia status among female adult vegetarians. SUBJECTS/METHODS: A total of 177 female vegetarians were recruited from a Buddhist and Hindu organization in Selangor, Malaysia. The participants completed a self-administered questionnaire, which analyzed their sociodemographic characteristics, physical activity level, sleep quality, depression, anxiety, and stress. The body weight, height, waist circumference, and body fat percentage of the participants were also measured. A 3-day dietary recall was conducted to assess their dietary intake. Blood samples (3 ml) were withdrawn by a nurse from each participant to determine the hemoglobin (Hb) level.
INTRODUCTION 4)
Tracing back to ancient Greece, vegetarianism has often been related to either ethics or health but has a checkered history among different religious doctrines, such as Buddhism, Hinduism, and Seventh Day Adventists [1] . On the other hand, it was only until the 19 th century that scientists began to assess the health advantages of a plant-based diet [2] . To date, several studies on the prevalence of vegetarians have revealed varying results. For example, the prevalence of vegetarianism was found to be much higher in India (36%) [3] than in other countries, such as the United Kingdom (UK; 5%) [4] . In light of the global epidemic of chronic diseases, the idea of an 'ideal diet', which also includes a vegetarian diet, has been pursued desperately with the aim of resolving the problem once and for all [5] .
The vegetarian diet may have some health advantages but it does not necessarily equal an adequate balanced nutrient intake. Some debate still exists as to whether vegetarians, especially vegans, can derive an optimal amount of vital nutrients, such as vitamins B12 and D, iron, calcium, and longchain n-3 fatty acids [6] . In terms of bioavailability, the non-heme iron that can be obtained from grains, cereals, nuts, legumes, and vegetables in plant-based diets is inferior to heme iron in animal products because the human body can absorb heme iron more easily than non-heme iron [7] . Therefore, the iron status of vegetarians is a matter of concern considering that anemia is one of the commonest micronutrient deficiencies in the world [8] .
The results from earlier studies have shown that more females adopt a vegetarian lifestyle than males [9, 10] . One possible explanation for this might be the greater health-consciousness and adherence towards less risk-taking behaviors and social life among women [11] . Nevertheless, females appear to be a high-risk group of individuals who are often diagnosed with anemia compared to males because of their physiological function in nature, particularly concerning their experience in iron losses during menstruation and pregnancy [12] . Furthermore, hormone testosterone is responsible for raising the red blood cell count, which stimulates erythropoietin (EPO) that helps boost the hemoglobin concentrations in adult men [13] . Therefore, females tend to be more vulnerable to anemia biologically.
Globally, half of anemia cases have been attributed to iron deficiency (ID) [8] . Moreover, the most affected group is non-pregnant reproductive women (estimated 468 million) [8] . Anemia is still growing and has been posed as a health threat even in developed countries, such as the United States (US) with a prevalence ranging from 4.0% to 7.0% between 2003-2004 and 2011-2012 [14] . In Malaysia, the National Health and Morbidity Survey (NHMS) 2015 reported that the prevalence of anemia among Malaysians was 24.6%, which can be divided into 35.5% and 14.3% of females and males, respectively [15] . Existing research recognizes a high prevalence of anemia among the vegetarian population. For example, a cross-sectional study was conducted among women aged 15 to 49 years in an urban slum from Mumbai, India who had been taking a mixed diet (47.4%), and the results showed that they were less anemic than those who were vegetarians (64.4%) [16] . Another cross-sectional study in Rajasthan, India showed that all of the female vegetarians were anemic [17] .
The major health consequences of anemia, which include declined immunity, elevated morbidity, and impaired cognitive performance, are still regarded as a significant burden to the worldwide population [18] . In addition, the interactions between various potential etiologies have also made anemia mitigation extremely challenging. Anemia is not merely a medical condition, but also an important social issue because it commonly leads to decreased work performance and insufficient earning. Recent evidence indicates several factors associated with anemia among women, which include the demographic factors (age and marital status [19] ), nutritional status (overweight/ obesity [20] ), lifestyle factors (physical activity [21] and sleep quality [22] ), and psychological factors (depression [23] ). On the other hand, previous research examining the factors associated with anemia focused more on the non-vegetarian population. Little is known about anemia in vegetarians. Therefore, it is important to understand the anemia status of Malaysian vegetarians and its associated factors due to the increasing interest in vegetarianism among Southeast Asians. In response to this matter, the present study examined the factors associated with anemia among female vegetarians in Malaysia.
SUBJECTS AND METHODS

Study population and design
This cross-sectional study was conducted at a Buddhist and Hindu organization located in Selangor, Malaysia. Buddhists and Hindus were selected as the participants of this study because they are the main groups of vegetarians in Malaysia [24] . A convenience sampling method was used to recruit the participants by placing an advertisement on notice boards at these organizations. The exclusion criteria were pregnant or lactating women as well as those with chronic illnesses (such as diabetes mellitus, heart disease, kidney disease, and liver disease) or undergoing medical treatment.
Ethical clearance was granted from the Ethics Committee for Sociodemographic, lifestyle, and psychological characteristics A self-administered questionnaire was distributed to the participants to obtain information on their sociodemographic background, lifestyle, and psychological condition. Information on the participants, such as age, ethnicity, marital status, education level, household size, and household income, was included as the sociodemographic details.
The WHO Global Physical Activity Questionnaire (GPAQ) [25] was administered to determine the level of physical activity of the participants. A total of 16 questions regarding physical activity (PA) were asked in the questionnaire. The first six items (i.e. Q1-Q6) measured the activity at work, whereas the next nine items (i.e. Q7-Q15) measured the physical activity that were related to leisure and recreation. Finally, the last item (Q16) measured the sedentary behavior, or in other words referred to sitting/reclining without the incorporation of sleep time. The participants were divided into different PA levels, which are represented as low (< 600 MET-min/week), moderate (at least 600-2,999 MET-min/week), or high (3,000+ MET-min/week).
The Depression Anxiety Stress Scale (DASS-21) [26] was used to measure the symptoms of the three emotional states, namely depression, anxiety, and stress. In particular, each of these three emotions in DASS-21 contained a total of seven items that were rated on a 4-point Likert scale from zero ("did not apply to me at all") to three ("applied to me most of the time"). The subscale scores were then added. No reverse-scored item was used. The participants were categorized into different severity rating indices, which included normal, mild, moderate, severe, and extremely severe [26] . This scale revealed a good internal consistency reliability in the present study (Cronbach's α = 0.89 for DASS-21 total score, 0.78 for DASS-Depression, 0.65 for DASS-Anxiety, and 0.82 for DASS-Stress subscales score).
The Pittsburgh Sleep Quality Index (PSQI) [27] was also used in the current research to measure the sleep quality over a one-month time interval. The seven subscales of the PSQI ranged from zero to three (no difficulty to severe difficulty). The sum of the seven subscale scores provided the overall PSQI score ranging from zero to 21. A higher score represented poorer sleep quality, in which poor sleep quality was indicated with a score of five or more. The index demonstrated a good internal consistency reliability (Cronbach's α = 0.75) in the current study.
Anthropometric measurements
The body weight, height, waist circumference (WC), and body fat percentage (BF%) of the participants were measured using a TANITA Digital Weighing Scale HD319 (TANITA Corp., Tokyo, Japan), a SECA Portable Stadiometer 213 (SECA, Hamburg, Germany), a Lufkin Executive Diameter steel tape W606PM (Cooper Hand Tools, Raleigh, North Carolina, USA), and an Omron Body Fat Monitor HBF-306 (Omron Healthcare Co. Ltd., Kyoto, Japan), respectively. The body mass index (BMI) was [29] was categorized as abdominal obesity. The BF% was ranked based on four groups as follows: too low (≤ 8%); acceptable, lower end (9-23%); acceptable, higher end (24-31%); and too high (≥ 32%) [30] .
Dietary intake assessment
A face-to-face interview on a three-day dietary recall (two weekdays and one weekend) was conducted to assess the dietary intake of the participants. Household measurement cups and spoons were used to estimate the portion size and quantities of food consumed. The dietary intake data were analyzed using Nutritionist Pro TM Nutrition Analysis Software version 3.2.0 (First Data Bank, USA, 2011). The Malaysian Food Composition Table [31] was used to analyze the diet data. Dietary adequacy was evaluated by comparing the mean values for energy and nutrient intake with the Recommended Nutrient Intake (RNI) for Malaysians [32] . For adults, it is recommended that 50%-65% of the total daily energy intake be derived from carbohydrates, 10%-20% from protein, and 25%-30% from fat [32] . For micronutrient intake (vitamins A, B12, C, calcium, folate, iron, and zinc), participants who met or exceeded 100% of the RNI for micronutrients were considered to have an adequate micronutrient intake.
Determination of anemia status
A nurse was assigned to withdraw 3 mL of venous blood from the participants for Hb analysis. The Hb level of the participants was measured using an automated hematology analyzer, Sysmex Analyzer. A hemoglobin level < 11.9 g/dL indicates that a woman is anemic and can be further categorized into three groups: mild (10.0-11.9 g/dL), moderate (7.0-9.9 g/dL), and severe (< 7.0 g/dL) [33] .
Statistical analysis
Statistical analysis was performed using IBM SPSS Statistics 24 (IBM Corp., Armonk, NY, USA). Descriptive statistics, which are also known as the absolute (n) and relative (%) frequencies are presented for the categorical variables, whereas the means and standard deviations (SD) are reported for the continuous variables. Logistic regression analysis was used to determine the association between the various potential risk factors with the anemia status among vegetarians. The crude odds ratios (ORs) with 95% confidence interval (CIs) were calculated from simple logistic regression analysis. All variables with a P-value of < 0.25 in simple logistic regression analysis were analyzed further in the final multiple logistic regression analysis model. Finally, a stepwise method was adopted to determine the adjusted odds ratios for the variables in the final model, while the level of statistical significance was set to P < 0.05. Table 2 , approximately one third of participants were overweight (26.6%) and obese (5.6%). Almost half of the participants were abdominally obese (44.0%). More than two thirds of them had a body fat percentage that was not within the healthy range (71.8%). In terms of dietary intake, more than half of the participants did not have an adequate intake of energy (59.3%), protein (56.5%), fiber (88.1%), vitamin B12 (99.4%), calcium (89.3%), folate (90.4%), and zinc (52.0%), as listed in Table 3 . 
RESULTS
Sociodemographic
Factors associated with anemia status
The variables with P < 0.25 in Table 4 (age, marital status, WC, percentages of energy from protein (%), vitamin C intake, and PA level) were included in the multiple logistic regression model. As shown in Table 5 , the association of anemia status in vegetarians was most evident among females aged 50 years and below (AOR = 2.46, 95% CI = 1.19-5.05), married (AOR = 2.69, 95% CI = 1.27-5.71), and with an inadequate intake of percentage of energy derived from protein (AOR = 5.52, 95% CI = 1.41-21.65). Furthermore, the Nagelkerke R-square for the model was 0.161, which further indicates that 16.1% of the variance in the anemia status of female vegetarians in this study could be explained by these three factors.
DISCUSSION
The findings of the present study revealed a 28.2% prevalence of anemia among female vegetarians, which further indicates that anemia is a moderate public health problem [33] . This result is consistent with the WHO report, which stated that 30% of adult women in Malaysia were anemic [34] . Furthermore, participants aged 50 years and younger were more likely to have anemia than those aged more than 50 years old. Menstruation is among the factors that could be associated with anemia due to periodic blood loss [12] , which explains the rationale of the classification of age groups in this study, provided that the average year of menopause among Malaysian women is 50 years old [12] . On the other hand, a study in India reported that women from the age group below 25 years old tended to be more affected by anemia [16] . A possible explanation for the variation might be the common occurrence of teenage pregnancy in India considering that half of them usually fall pregnant with a maternal age below 20 years old, while more than one fourth fall pregnant before 18 years old [35] .
The marital status was found to be positively associated with anemia in the present study. Recent evidence regarding the association between marriage and anemia has been two sided. Entry into high-quality marriage could help encourage healthy behaviors and promote longevity [36] . Nevertheless, married life has also been identified as a risk factor that leads to a poor nutritional status. In many cases, the husband or wife may no longer be concerned with their body image, resulting in an increase in fast food consumption, excessive television watching, and prolonged sedentary habits [37] . In addition, married women play the roles as both mothers and wives. Hence, they are always required to carry their responsibility in taking care of the needs of the household, which sometimes causes them to neglect their own needs, resulting in a poor nutritional status [38] .
A high prevalence of overweight and obesity (32.2%) was reported among female vegetarians in this study, suggesting that overweight and obesity is a public health problem among female vegetarians. Anemic participants showed a higher mean BMI than their counterparts, which is in line with the obesityanemia mechanism, in which pro-inflammatory cytokines induced by adipose tissue can inhibit iron absorption and retain iron in the bone marrow macrophages [20] . On the other hand, none of the anthropometric indices in the present study, which included the BMI, WC, and BF%, had an association with anemia. Data from previous studies showed conflicting results whereby a meta-analysis [39] reported that obesity is emerging risk factor for anemia. In contrast, in the studies conducted in China [40] and Bangladesh [38] , anemia was found to be more prevalent among underweight women. Consistent with the present finding, BMI had no association with anemia in US adults based on the findings reported in the third National Health and Nutrition Examination Survey (NHANES III) [41] . Limited studies were conducted to examine the associations of WC and BF% with the anemia status, particularly among vegetarians.
The findings of this study showed that vegetarians with inadequate energy intake from protein were 5.52 times more likely to develop anemia compared to those who had adequate energy intake from protein. Similar studies in US [42] and Saudi Arabia [43] support this finding. Of the three macronutrients, protein has the greatest influence on the iron metabolism. The effects of protein on the anemia status have been discussed in many studies in terms of the protein food source. For example, soy is high in iron and ferritin, and it contains fiber, polyunsaturated fat, and phytoestrogens, which all can lower the levels of inflammatory markers and reduce the metabolic causes of anemia [44] . In addition, egg white protein was also shown to have power in anemia recovery because of the negative carboxylate sites (-CO2-) on the molecule surface of ovalbumin, which have a strong binding effect of iron [45] . In contrast, egg yolk protein reduces the iron bioavailability when the resistant protein, phosvitin, combines with dietary iron and forms an insoluble iron complex in the small intestine [46] . Vegetarians have a high intake of these food sources, which might explain the significant association between the percentage of energy intake from protein and anemia. Further studies will be needed to confirm this finding.
Surprisingly, vitamin C and iron intake of the anemic participants were higher than the non-anemic participants, but no association between these nutrients with anemia status was reported. This might be because some anemic vegetarians might realize their symptoms of anemia and increase their dietary intake of vitamin C and iron. On the other hand, the recovery of symptoms took a certain period and could be delayed due to other factors, such as inflammation. Hence, more studies will be needed to confirm this finding.
Physical activity had no association with the anemia status in this study. Exercise-induced anemia is more common in endurance sports, which further explains the non-significant relationship between anemia and physical activity in nonathletic persons. The present study also failed to detect any significant relationship between anemia and psychological factors. Psychological factors might be more prominent and convincing among elderly if their anemia status is more severe [47] . All vegetarian participants in the current study were either Buddhists or Hindus, in which high religiosity could be a protective factor against poor mental health. The influence of sleep quality in adults with anemia is complex. A previous study positively correlated the sleep quality with the Hb level among dialysis patients [48] . Nevertheless, sleep quality was found to have no association with anemia among vegetarians in the present study.
This study had several limitations. First, the results were limited to being a cross-sectional study. Thus, a determination of a possible temporal relationship between anemia and the risk factors will require further prospective cohort studies. Second, this study employed a convenience sample of female adult vegetarians, in which the findings cannot be generalized to all vegetarians. Furthermore, the current research was limited by the inability to differentiate the specific types of anemia because other biochemical indicators, such as vitamin B12, folate, ferritin, and iron, were not included. Moreover, this study did not involve a non-vegetarian group; hence, a comparison between vegetarian and non-vegetarian groups could not be made. Another limitation of this study refers to the fact that the menstruation status, which may be one of the factors associated with anemia in females, was not investigated in the present study.
In conclusion, anemia appears to be a public health issue that is regarded as a critical concern among female adult vegetarians in Malaysia. More importantly, age, marital status, and percentage of energy derived from protein intake were found to be significant predictors of anemia. Therefore, nutrition education and intervention programs on anemia among vegetarians should be carried out by targeting married individuals aged 50 and below. In addition, these programs should focus on educating vegetarians on the importance of having an adequate energy intake from protein to prevent anemia. Anemia is a disease that is readily preventable and treatable. Therefore, more studies will be needed to confirm these findings.
